Abstract. The aim of this study was to evaluate the effect of training on hematological and biochemical blood indices and acid-base balance as well as to attempt an assessment of the degree of driving horses' training based on examined parameters during the training cycle. The study was conducted on eight Polish Halfbred driving horses (aged 6-12 years). Each four-horse harness included two geldings and two mares. Blood was collected before and directly after training as well as after a 30 min recovery period. Blood samples were analyzed for hematological and biochemical parameters, as well as acid-base balance and glutathione peroxidase activity. The data were processed using a general linear model (ANOVA) procedure in Statistica v10. A significant (P < 0.01) post-exercise increase in heart rate and respiratory rate was noted. Changes (P < 0.01) in red blood cells (RBC), hemoglobin (HGB), glucose (GLU) and nonesterified fatty acids (NEFA) were observed after exercise. Correctness of the exercises affects the rate of recovery to rest values. The fastest recovery to the values of the rest period was noted in the case of RBC, HGB, LYM (lymphocytes), TCO 2 (total carbon dioxide), HCO − 3 (bicarbonate concentration), GLU and NEFA. Training load did not cause acid-base balance disturbance, with visible compensation during the recovery period (increase in HCO − 3 and extracellular base excess (BE)). Changes in GPx activity were not confirmed statistically; however an increasing tendency was observed after training. Long-term exercises of driving horses cause significant lipomobilization. This study enables an evaluation and comparison of physical preparation to effort and intensity of driving horses' training. In the case of driving horses' training, there is a need to accept lower lactic acid (LA) (< 4 mmol L −1 ) values in aerobic-anaerobic threshold interpretation.
Introduction
The physical effort and stress which horses experience during training differs depending on sporting discipline. Correct training aims to adapt a horse's body system to the changes occurring during intensive physical effort (Piccione et al., 2010; Trigo et al., 2010; Fazio et al., 2011) . Necessary adaptative mechanisms are formed during that time (training cycle), and they give the possibility of reaching a high level of efficiency with a concurrent decrease in the risk of injuries (Fazio et al., 2011) . The adaptative changes include, among other things, an increase in heart stroke volume, and as a consequence an increase in oxygen utilization in muscles (Piccione et al., 2010) . The cardiovascular system is exposed to modifications essential to ensure efficient transfer of oxygen and substrates to the muscles, and allowing removal of metabolites from them. Knowledge concerning physical effort is thus essential in making suitable decisions with regard to proper training strategy.
Analysis of selected plasma biochemical parameters could be useful in the prevention and early diagnosis of metabolic stress in horses (Trigo et al., 2010) . Clinical and laboratory examinations also give the possibility to obtain information useful in evaluation of features affecting a horse's efficiency and its sport predispositions. They also allow for possible deficiencies and diseases to be detected, including those of subclinical course. The methods which allow for evaluation of a horse's progress in training involve, among other things, an analysis of physiological indices such as cardiac stress tests as well as examination of blood hematological and biochemical parameters (Piccione et al., 2008; Trigo et al., 2010; Bis-Wencel et al., 2012) . Analyses of horse antioxidant status (Al-Qudah et al., 2006; Ogoński et al., 2010) and acidbase balance (Aguilera-Tejero et al., 2000) have additionally been performed in sport horses. Changes in lipid profile may be also a useful index in evaluation of training progress (Falaschin and Trombetta, 2001; Piccione et al., 2010) .
Evaluation of particular parameters and changes in their reference ranges should be analyzed regarding particular disciplines as well as individually for each horse (Falaschin and Trombetta, 2001; Desgorces et al., 2008) . It is significant that different changes observed in a system depend on the kind of exercise (Piccione et al., 2010; Vazzana et al., 2014) . The knowledge and experience of the trainer play the most significant role in the selection of a suitable training strategy. One of the most important research tasks is to obtain new and useful information concerning those features which will enable an evaluation of the health status and training degree of the horses. This kind of research has been performed in jumping horses (Bis-Wence et al., 2012; Fazio et al., 2012; Vazzana et al., 2014) and for cross-country (Muñoz et al., 1999) and long-distance rides (Piccione et al., 2010; Trigo et al., 2010; Adamu et al., 2012) .
The aim of this study was to evaluated the effect of training combined driving horses on particular blood hematological and biochemical parameters, acid-base balance as well as antioxidant status before and after training. The degree of driving horses' training was also evaluated based on the examined parameters.
Materials and methods

Horses and training
The study was performed on eight adult Polish Halfbred horses (Phb) aged 6-12 years. The horses took part in international competitions in combined driving disciplines, including dressage, marathon and obstacle driving. The study was conducted in starting season, in a period from March to October. The horses were fed three times a day with complete fodder (80 % soaked oats, 10 % barley, 10 % maize) totalling 7 kg d −1 . Two times a day the horses were given hay and silage (3 kg d −1 ). Moreover, the animals received sugar beet pulp in pellet form and wheat straw. All feed additives in the form of vitamins and electrolytes (Horse Vital Plus, electrolyte pellets, vitamin E + selenium mix, magnesium mix) were also dosed once a day, after exercise, according to manufacturer recommendations (during examinations after blood collection). The horses were additionally given Humobentofet ® (Tronina PHW, Poland) preparations once a day (50 g d −1 ).
The harnesses during training sessions were for four horses (mixed pairs, mares and geldings). The same marathon carriage was used each time. Each training session was performed in the morning hours (at 09:00) and lasted 2 h. Endurance and speed were tested. The characteristics of the physical effort during training were as follows: walking (1000 m), trotting (4000 km), galloping (500 m), walking (1000 m) and trotting with four obstacles (2000 m). The exercises were performed each time in air temperatures of 10-20 • C.
Blood sample collection and analysis
All procedures applied in this study were approved by the 2nd Local Ethical Committee for Experiments on Animals in Wrocław (no. 55/2013). Blood for examinations was collected six times during the training season, each time about 2 weeks after competitions. Blood was collected from the external jugular vein (vena jugularis externa) under conditions which did not cause excessive stress to the animal: in the morning; in stud; before the training (sampling I); up to 5 min after the training (sampling II); and after a 30 min recovery period (sampling III), when the horses were washed and brought back to their boxes (18 blood samples were collected in total from each horse). Blood was collected in sterile test tubes (Sarsted, Poland) for serum (10 mL), in tubes with an anticoagulant (EDTA-K3; Sarsted, Poland), and anaerobically in 2 mL heparinized syringes (Pico 50, Radiometer; Copenhagen, Denmark) for gasometric examinations. Analyses of acid-base balance parameters were tested up to 15 min after blood collection, while hematological parameters were tested up to 2 h later. The blood samples for serum were centrifuged at 3000 g for 15 min at room temperature (2 h after collection), and the serum samples were frozen (−20 • C) until analysis.
Hematological parameters analyses were performed using n ABC Vet analyzer (Horiba ABX, France), taking into account parameters such as red blood cells (RBC), white blood cells (WBC), platelets (PLT), hemoglobin (HGB), hematocrit (HCT), mean corpuscular volume, (MCV), mean corpuscular hemoglobin (MCH) and mean corpuscular hemoglobin concentration (MCHC), lymphocytes (LYM), monocytes (MON) and granulocytes (GRA).
Laboratory analyses in blood serum were done using a Pentra 400 biochemical analyzer (Horiba ABX, France). The following parameters were estimated:
-glucose via oxidase method, HORIBA ABX reagents (glucose PAP, cat. no. A11A016979);
-lactic acid (LA) via the colorimetric method, HORIBA ABX reagents (cat. no. A11A01721); -Cl, Na and K using an ion-selective adapter to Pentra 400 analyzer,
-glutathione peroxidase activity (GPx) via colorimetric method, Randox reagents (cat. no. Ransel RS 505).
Analysis of parameters determining acid-base balance was performed according to methodology of blood gasometric examinations. In order to determine the acid-base balance, the following parameters were analyzed using VetStat ™ (Idexx, USA): pH, partial pressure of carbon dioxide (pCO 2 ), total carbon dioxide (TCO 2 ), concentration of bicarbonates (HCO − 3 ) and extracellular base excess (BE). Anion gap (AG) was calculated according to the following formula:
Measurements of heart rate (HR) and respiratory rate (RR) were made using the auscultatory method at the same times as when blood was collected for analysis.
Statistical analysis
All the results were expressed as means and standard deviation, and all variables were tested for normality using the Shapiro-Wilk test. The data obtained were subjected to analysis of variance (ANOVA) using a linear model procedure of Statistica v10. The statistical model was as follows:
where Y ij is the dependent variable; µ is the overall mean; αi is the effect of blood sampling before training, directly after training and after a 30 min rest (i = 1, 2, 3); and εij is the random residual error. The differences among treatment means were tested for significance using post hoc comparisons accomplished via Duncan's multiple range test. Effects were considered significant at a probability of P < 0.05.
Results
A significant (P < 0.01) post-exercise increase was noted in HR (from 32.6 to 86.4 beats min −1 ) and RR (from 14.3 to 68.6 min −1 ). A decrease in HR and RR was significant (P < 0.01) after rest time.
Mean values of blood hematological indices in horses are presented in Table 1 . Significant (P < 0.01) differences were noted between rest and post-exercise levels of RBC and HGB. These parameters showed a decrease after 30 min (P < 0.01). Similar dynamics was noted in the case of HCT, MCV and WBC; however, the differences were not statistically significant. The lymphocyte count after training showed a distinct increase, and after the 30 min recovery period this value decreased (P < 0.01) to a level close to that of rest. The changes in red-cell-related indices, despite some fluctuations, were not confirmed statistically. The granulocyte count increased gradually during the research period, and the values noted between the end of training and collection after 30 min differed significantly (P < 0.05). Parameters such as HGB, HCT and MCV to the highest degree obtained their baseline values after the 30 min recovery period.
The values of horses' blood gasometric parameters before the training demonstrated the acid-base balance state (Table 2). After the end of the training, the values of TCO 2 and pCO 2 showed an increase (not confirmed statistically). The level of HCO − 3 increased after the training (P < 0.05). Base excess showed a significant increase (P < 0.01), like HCO − 3 in the recovery period. As a consequence, blood pH recovered to its rest value after the training, and a decrease in TCO 2 was noted after the recovery period (P < 0.01).
In the case of the examined macroelements, only Mg concentration showed a significant decrease after the rest time (P < 0.05), while Ca concentration increased significantly (P < 0.01) compared to the rest value. The changes in electrolytes directly after training were not statistically significant (Table 2) .
Blood glucose concentration increased just after the training (P < 0.01) and thereafter decreased to below the rest values (P < 0.01). A similar trend was noted in the case of LA concentration (Table 3) . Intensification of lipolysis was observed directly after the training and was reflected in a NEFA concentration increase (P < 0.01). A NEFA decrease was in turn significant (P < 0.01) after the rest. The concentrations of TP, albumin, CK, AST, LDH, and GGT experienced similar changes, but these changes were not confirmed statistically. The changes in total bilirubin concentration (growth after the training) were, however, confirmed statistically (P < 0.05).
The changes in GPx activity were not confirmed statistically, but an increasing tendency after training was noted (Fig. 1) . 0.14 a,b Significant differences between before and after exercise (P < 0.05). A,B,C Significant differences between before and after exercise (P < 0.01). GLU: glucose; LA: lactic acid; BHBA: β-hydroxybutyrate acid; NEFA: nonesterified fatty acids; CK: creatinine; TP: total protein; Alb: albumin; AST: aspartate aminotransferase; GGT: γ -glutamyltransferase; LDH: lactate dehydrogenase.
Discussion
The changes in HR and RR reflect the oxygen demand of working muscles. These parameter changes result from the type of activity and its duration as well as cycles and individual horse variability (Krumrych, 2010; Zobba et al., 2011) . Post-exercise heart rate recovery times revealed that the horses were well trained and exhibited a good physiological response to intense exercise. Correct preparation of the horses for particular sporting disciplines should ensure fast recovery of blood indices to suitable levels after the rest period (Al-Qudah et al., 2006; Trigo et al., 2010) . Environmental conditions (high temperature and humidity) are the most significant factors affecting the physical capacity. The present study was conducted under temperatures ranging from 10 to 20 • C, which was neutral for the horses' metabolism.
Irrespective of the degree of effort and training, adaptative changes occur in a horse's body system causing RBC level increase. During the physical effort, RBCs and their reserves may be conditioned by age and degree of training (Bis-Wencel et al., 2011) . Only a small RBC increase was noted in this study, whereas Piccione et al. (2008 Piccione et al. ( , 2010 obtained a higher post-exercise RBC increase in racing horses. The same authors also point to a significant relationship between RBC increase and blood catecholamine level. Catecholamines stimulate secretion activity of the spleen. RBC count changes depend on the duration of physical effort and its degree (Piccione et al., 2008) . Also, dehydration observed after the training is related to an increase in red blood cell count. A similar reaction is observed in the case of other erythrocyte-related parameters, i.e., HTC and HGB. An increase in HTC and HGB facilitates oxygen transport and increases blood buffer capacity and thus exercise capacity (Jones, 2005; Piccione et al., 2010) . Especially high values of these parameters have been noted in horses with increased blood transport capacity (Piccione et al., 2008; Tateo et al., 2008) .
Like in the case of red cells, the spleen is responsible for the increase in WBC level in peripheral vesicles (Piccione et al., 2008 (Piccione et al., , 2010 Vazzana et al., 2014) . A post-exercise increase in white blood cell count was observed in this study. Leukocytosis may be related to the change in number of neutrophils and lymphocytes (Adamu et al., 2012) . A postexercise decrease in granulocytes count was noted in this study; however an increase was observed in the case of lymphocytes. This confirms the observations of Piccione et al. (2010) , who interpret such an occurrence as a quick response to stress in the horses' systems. In turn, in the study performed on endurance horses, age did not demonstrate any distinct effect on physical, hematological and biochemical parameters (Adamu et al., 2013) .
According to Hanzawa et al. (1995) , a decrease in MCV and MCHC level usually accompanies light exercise. Greater physical effort in turn causes an increase in the level of these parameters. A low, post-exercise MCV increase and a MCHC decrease were noted in this study. Another tendency was observed by Muñoz et al. (2008) for racing and driving horses; they observed post-exercise decrease in MCV values, which may be explained by the fact that erythrocytes accumulated in the spleen are smaller. The occurrence of an MCV decrease was also related to the increase in the level of blood catecholamines (Muñoz et al., 2008) . Depending on the intensity, training leads to the changes in blood acid-base balance, which may be taken into account in estimation of metabolic and respiratory changes. Exercising horses often show a tendency towards both metabolic acidosis (due to the accumulation of lactate) and respiratory alkalosis (as a consequence of hyperventilation) (Aguilera-Tejero et al., 2000) . A small decrease in BE level and HCO − 3 concentration in blood was observed in this study directly after training. A decrease in HCO − 3 concentration is also attributed to LA increase (Aguilera-Tejero et al., 2000) . A BE (P < 0.01) and HCO − 3 increase was noted after the recovery period. These changes were a result of a compensation effect of pCO 2 changes. A similar range in metabolic component changes was noted in jumping horses after training (Aguilera-Tejero et al., 2000) . A HCO − 3 decrease after training could be explained by hyperventilation, which makes a massive expulsion of CO 2 from the lungs possible, so that the conversion of CO 2 into HCO − 3 cannot occur (Fazio et al., 2012) . The intensity of the training performed in this study does not point to an excessive H + accumulation. Short exercises with lower intensity, e.g., jumping, also do not lead to lactic acidosis (Aguilera-Tejero et al., 2000) , while highintensity exercise leads to metabolic acidosis (Waller and Lindinger, 2005; Vazzana et al., 2014) . There are distinct changes in acid-base balance, and the complete recovery of many parameters that determine acid-base status requires 60-120 min. The results of this study show that training load did not cause any disturbances in acid-base balance, with visible compensation in the recovery period.
When comparing the concentrations of Na, K, Cl and Ca obtained in this study to the results of endurance horses (Adamu et al., 2013) , large differences concerning the breed and type of training may be observed. No differences were noted in electrolyte concentration (Na, K, Cl) in blood of endurance horses that were eliminated from competitions compared with those that successfully completed the competitions (Fielding et al., 2009) . High electrolyte losses are usually noted in poorly trained horses, which get tired easily. High chlorine losses cause weakening of muscles and dehydration. Electrolyte loss may be also related to temperature.Concentrations of Na and K in blood increased during moderate-intensity and short-duration exercises of jumping horses, while Cl showed an insignificant decrease (AguileraTejero et al., 2000) . A decreasing tendency of Na and Cl as a result of sweating has been demonstrated in most of the studies conducted so far (Muñoz et al., 2008) .
A increase in total proteins during training shown in the present study reflects the redistribution of fluid and electrolytes from the vascular compartment to the tissue extracellular fluid that is known to occur during physical activity (Fazio et al., 2011) .
Lactate concentration in blood is a marker of anaerobic and aerobic thresholds during exercise for horses (Campbell, 2011; Adamu et al., 2013) . In horses, a concentration of lactate in blood of 4 mmol L −1 has been arbitrarily used to compare the fitness of animals before and after a training period and to develop training protocols. It should also be taken into account that an increase in lactate concentration in blood may result from poor glucose uptake by the metabolizing tissues (Campbell, 2011) . It was demonstrated in a study conducted on Thoroughbreds horses that ran on the treadmill that maximal lactate steady state (maxLASS) within the aerobic-anaerobic threshold should be accepted at a level considerably below 4 mmol L −1 (Lindner, 2010) . This study shows that LA level after endurance and speed training is 2.60 mmol L −1 . This also confirms the necessity of an acceptance of lower LA levels in aerobic-anaerobic threshold interpretation. Despite the test maxLASS being a gold standard for determining aerobic capacity, it was observed in a recent study that it may be replaced by a more precise LMS test -lactate minimum speed (Miranda et al., 2014) . In other training systems, cessation of low work intensity is related to an immediate decrease in blood LA concentration (Campbell, 2011) .
Glucose concentration in horse blood during training is subject to changes depending on intensity and duration of the exercises. Plasma glucose concentration increased progressively during exercise, peaking at the end (Geor et al., 2002) . The exercise-associated increase in hepatic glucose output is mainly mediated through a decrease in the insulin : glucagon ratio (Geor et al., 2000) . The endurance horses that exhibited good performance were able to utilize glucose more effectively than those that showed poor performance (Adamu et al., 2010) .
Nonesterified fatty acids concentration in horses before exercise was always below 200 µmol L −1 (Lindner et al., 2009) . The NEFA in plasma of the horses increased after all exercise types applied. In the case of training lasting 45 min at V 2.5 , an increase in plasma-free fatty acids was from 99 to 642 µmol L −1 in the first training session, and from 64 to 673 µmol L −1 in the 21st training session (Lindner et al., 2009 ). There are some opinions that, in horses trained for long distances, NEFA may, at the conclusion of a race, provide as much as 90 % of the total energy requirements (Piccione et al., 2010 ). The present study shows that longterm endurance exercises in driving horses cause considerable lipomobilization.
There are a range of biochemical markers of exercise effects on muscles; one of these is CK, which should not exceed 200 U L −1 (Ostaszewski et al., 2012) . Increased serum CK activity is used as an indicator of muscle damage or injury. A gradual increase in AST and CK activity was noted in Thoroughbreds up to the 60th day of training, and then a decrease at the end of the training period (Fazio et al., 2011) . A moderate increase in AST and CK activity noted in this study after the training could have been caused by the normal enzyme response to exercise, causing a transient alteration in the cell membrane permeability. Another study demonstrated that the elevated levels of creatinine and AST after a moderate training exercise period were the only exceptions (BisWencel et al., 2012) . In racing horses, the activity of enzymes (AST, CK) is directly associated with the distance covered (Trigo et al., 2010) . In the case of young horses, rest plasma LDH, CK and AST activity was probably attributable to age, and was not correlated with the training progress (Tateo et al., 2008) . AST activity is noted in numerous tissues; therefore AST is less specific for the muscles than CK. A post-training AST activity increase is related to either overt damage or a change in the muscle fiber membrane, causing a transient increase in permeability (Ostaszewski et al., 2012) . Adamu et al. (2014) noted that decreased GGT activity could be associated with the decreased glucose uptake by the skeletal muscles in endurance horses showing poor performance. GGT may also be involved in generating free radicals. Serum GGT activity has been used as a marker for liver diseases, and a series of epidemiological studies have suggested that serum GGT within its normal range might be an enzyme associated with oxidative stress.
Exercise itself has been shown to induce pulmonary oxidative stress in horses and human athletes and can therefore further increase the pulmonary oxidant-antioxidant disequilibrium in trained horses. Training might positively influence the antioxidant capacity of the horse. Indeed, an increase in different antioxidants, such as vitamin C, GPx and SOD, has been observed in Standardbreds (de Moffarts et al., 2004) . A serum GPx increase was noted directly after intensive training (Williams and Carlucci, 2006; Krumrych, 2010) . Similar relationships were observed in this study, where a further increase was noted 30 min post-training. It is alleged that a post-exercise decrease in GPx activity can be an indication of oxidative stress and may suggest its inactivation, resulting in excessive production of reactive oxygen species. A study by Krumrych (2010) demonstrated that mobilization of antioxidant mechanisms depends on intensity, type and duration of horses' exertion, and activity of GPx showed high post-exercise changeability, which suggests the great importance of this enzyme in the protection of the horse's system from the increased generation of reactive oxygen species.
In conclusion, the results of the present study demonstrate that examined hematological and biochemical blood parameters enable an evaluation of physical preparation for exertion and training intensity of driving horses. Significant post-training changes (P < 0.01) in parameters such as RBC, HGB, GLU and NEFA were noted. The fastest recovery to the rest values was observed in the case of RBC, HGB, LYM, TCO 2 , HCO − 3 , GLU and NEFA. Despite some tendencies, other changes were not confirmed statistically. The present study shows that long-term endurance exercises in driving horses cause considerable lipomobilization. In the case of driving horses' training, there is a need to accept lower LA values in aerobic-anaerobic threshold interpretation. The design of the exercises did not cause acid-base balance disturbances, with visible compensation in the recovery period. The observed fluctuations in blood parameter values show a properly performed and selected training program, which should be taken into account by horses' trainers and concentration of parameters in blood such as AST, CK, NEFA and lower lactate threshold.
